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SUMMARY  PAGE 


THE  PROBLEM 

To  specify  the  density  of  neutral  filters  to  produce 
low  level  white  lighting  aboard  submarines  to  replace  red  or 
blue  lighting. 

THE  FINDINGS 

The  background  of  the  problem  is  outlined  and  the 
findings  of  the  series  of  studies  are  presented.  It  is 
concluded  that  two  sets  of  filters  should  be  produoed.  For 
general  use,  filters  should  transmit  2.5  percent  of  the 
light  (1.6  density).  For  lights  which  must  remain  on  at  all 
tines  and  which  would  be  distracting  under  rig-for-blaek, 
filters  should  be  available  which  transmit  0.8  peroent  of 
the  light  (2.1  density). 

APPLICATION 

These  recommendations  are  for  the  guidance  of 
manufacturers  producing  filters  for  the  submarine  fleet. 
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ABSTRACT 


It  has  been  proposed  that  the  ourrent  practice  of 
illuminating  submarine  compartments  with  red  light  at  night 
be  discontinued  and  that  low  level  white  light  be 
substituted  for  the  red  and  blue  lighting.  The  background 
of  the  problem  is  presented  briefly,  and  recommendations  for 
the  densities  of  the  neutral  filters  are  made. 
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BACKGROUND 


*1 


Red  light  has  been  used  for  many  years  to  illuminate 
various  submarine  compartments  at  night,  because  dark 
adaptation  is  then  achieved  more  quickly  when  the  ambient 
light  is  turned  off.  This  one  advantage  of  red  light  is 
offset,  however,  by  several  disadvantages.  The  red  light  is 
fatiguing,  it  makes  it  impossible  to  read  color-coded 
charts,  and,  indeed,  it  makes  it  more  difficult  to  read^^ 
anything.  These  problems  have  led  to  the  desire  to  /  } 

substitute  another  ambient  light  for  the  red  lighting^K-H . 

A  long  series  of  studies  has  now  shown  that  the  problems 
associated  with  red  light  would  be  alleviated,  if  not 
eliminated,  by  substituting  white  light  of  generally 
comparable^Jbrlghtness.  These  results  have  previously  been 
presented  /y<-2'rS'*  , 


# 

Briefly,  laboratory  studies  have  shown  that,  compared 
to  red  light,  low  level  whitg^LLwT^  1  ight  does  not  degrade 
either  contract  sensitivity 4^7  ,  visibility  through, 
per  iseope^ir)  ,  detection  of  targets  on  sonar  CRTs/K4-4-)  ,  or 
the  ability  to  detect  colored  targetson  CRTsy£4r+€H^  Nor 
is  white  light  as  fatiguing  as  red'^fTl)'.^ 

EVALUATIONS  AT  SEA 


The  laboratory  studies  were  followed  by  a  series  of 
evaluations  of  the  LLW  at  sea.  The  first  ones  were  carried 
out  in  sonar  compartments  and  resulted  in  favorable 
evaluations  by  the  sonar  crews  (12).  Evaluations  were  next 
carried  out  in  the  control  room  (13-17). 


To  compare  the  effectiveness  of  red  and  white  light,  it 
is  first  necessary  to  match  them  for  brightness.  With 
lights  of  low  intensity—  as  is  the  case  with  the  dim  red 
light  used  on  submarines —  this  cannot  be  done  with 
photometers.  These  instruments  are  designed  to  be  used  only 
at  normal  day-time  (photopic)  levels  of  illumination. 


1 


Because  the  relative  sensitivity  of  the  eye  to  different 
oolors  changes  at  different  intensities*  equating  different 
colors  with  a  photometer  at  low  intensities  will  not  produce 
a  brightness  natch  for  the  eye  (18).  This  oust  be  done  by 
an  observer.  Kinney  (19)  has  published  a  nomogram  which 
relates  such  brightness  matches  to  photometric  intensities. 
At  the  typical  intensity  level  of  the  red  light  on 
submarines,  a  brightness  match  to  the  standard  red  filters 
(which  transmits  10  percent  of  the  light)  is  achieved  with  a 
neutral  filter  which  transmits  5  percent  of  the  light 
(density  *  1.3). 

The  evaluations  at  sea  of  the  LLV  in  the  sonar 
compartments  compared  the  red  light—  or,  in  some  cases, 
blue  light—  with  LLW  produced  with  1.3  density  filters. 

The  first  evaluations  at  sea  in  the  control  room  also  used 
1.3  density  filters.  These  were  rated  as  satisfactory  by 
the  crews  of  the  first,  two  submarines  (13*14),  but  the  crews 
in  the  next  two  evaluations  rated  the  LLW  as  too  bright 
(15,16).  A  second  problem  also  arose.  Kinney's  nomogram 
was  based  on  observations  in  which  the  judges  looked 
directly  at  the  lights.  However,  when  the  lights  are  seer, 
out  of  the  corner  of  the  eye,  the  LLW  appears  to  be  too 
bright . 

The  reason  for  both  problems  is  that  there  is  a 
preponderance  of  day-time  photoreceptors—  the  cones—  in 
the  center  of  the  retina,  whereas  the  periphery  of  the 
retina  is  populated  almost  exclusively  by  the  night-time 
receptors—  the  rods.  The  increase  in  sensitivity  to  white 
light  compared  to  the  sensitivity  to  red  is  more  pronounced 
for  the  rods  than  the  cones.  Thus  a  brightness  match 
between  red  and  white  which  is  mediated  primarily  by  the 
cones  (as  would  be  the  case  for  direct  viewing)  is  not 
acceptable  when  viewed  peripherally .  A  1.3  neutral  filter 
(transmittance  5 t)  was  found  to  match  the  red  filter  when 
viewed  directly;  but  when  viewed  per ipherally ,  a  2.1  neutral 
filter  (transmittance  *  0.8%)  was  required  to  match  the  red. 

The  significance  of  this  fact  for  the  control  room  is 
that  the  brightness  of  peripheral  lights  (coming,  for 
example,  from  the  adjoining  passageways  or  from  the  plotting 
tables)  is  acceptable  uhen  they  are  red,  but  it  may  be 
obtrusive  and  distracting  when  they  are  white. 

The  first  problem  was  solved  to  the  satisfaction  of 
subsequent  crews  (15-17)  by  increasing  the  density  of  the 
neutral  filters  to  1.6  (2.5  percent  transmittance).  The 
seoond  problem  was  solved  by  installing  filters  which 
transmitted  only  0.8  percent  of  the  light  (2.1  density)  over 
the  lights  which  were  Judged  to  be  distracting  (17). 


RECOMMENDED  LLW  FILTER  DENSITY 


On  the  basis  of  these  studies,  we  recommend  that 
neutral  filters  of  two  densities  should  be  made  available  to 
replace  the  red  and  blue  filters  now  in  use. 

For  general  installation,  the  filters  shoulc  transmit 
2.5  percent  (1.6  density)  of  the  light  throughout  the 
spectrum  (+  0.5  percent).  They  should  be  manufsctui ed  in 
the  form  o7  sleeves  which  can  be  slipped  ov.»r  the  two  sizes 
of  fluoresoent  tubes—  2  feet  long,  1.5  inch  s  , vernal 
diameter;  and  11.25  inohes  long,  0.6  Inch  internal  diameter. 

For  Installation  over  those  lights  which  are  too 
bright,  a  second  set  of  filters  should  be  available  which 
transmit  0.8  percent  (2.1  density)  of  the  light  (+_  0.2 
percent).  The  filters  should  be  dearly  marked  as  "light" 
and  "dark"  and  the  crews  instructed  in  their  use. 


REFERENCES 


1.  CO,  USS  GREENLING  (SSN  614),  lfcr  4720,  Ser  122,  of 

2  June  1980. 

2.  Luria,  S.H.  and  David  A.  Kobus,  The  relative 

effectiveness  of  red  and  white  light  for  subsequent 
dark-adaptation.  NSMRL  Rep.  No.  1036,  Groton,  CT: 
Naval  Subnarine  Medical  Research  Laboratory,  July 
1984. 

3.  Luria,  S.M.  and  David  A.  Kobus,  Red  light,  white  light, 

Proc.  U.S.  Naval  Inst.  August  1985,  pp.  123-126. 

4.  Neri,  David  F.  and  J.A.S.  Kinney,  Contrast  sensitivity 

measured  in  low  levels  of  red,  white,  and  blue  ambient 
illumination.  NSMRL  Rep.  No.  989,  Groton,  CT:  Naval 
Submarine  Medical  Research  Laboratory,  August  1982. 

5.  Luria,  S.M.  and  David  A.  Kobus,  Immediate  visibility 

after  red  and  white  adaptation,  NSMRL  Rep.  No.  1045, 
Groton,  CT:  Naval  Submarine  Medical  Research 
Laboratory,  April  1985. 


6.  Kinney,  J.A.S. ,  S.M.  Luria,  and  A.P,  Ryan,  Subjective 
preferences  and  detection  ranges  in  sonar  control 
rooms  under  red  and  blue  light.  NSMRL  Rep.  No.  991, 
Groton,  CT:  Naval  Submarine  Medical  Research 
Laboratory,  September  1982. 


7. 


David  A.,  and  David  F. 
e  on  a 


Neri,  Performance  and 


Kobus, 

nar  detection  task  under  various 
cojiorB  ox  amoient  Illumination,  NSMRL  Rep.  No.  1023, 

Groton,  CT:  Naval  Submarine  Medical  Research 
Laboratory,  May  1984. 


8.  Kobus,  David  A.,  and  David  F.  Neri,  Sonar  performance 
under  various  colors  of  lighting.  The  Submarine 
Review.  October  1985,  pp.  52-56, 


9.  Neri,  David  F.,  S.M.  Luria,  and  David  A.  Kobus, 

Visibility  of  various  target- background  color 
combinations  under  different  chromatic  ambient 
illuminations.  NSMRL  Rep.  No,  1027,  Groton,  CT;  Naval 
Submarine  Medical  Research  Laboratory,  August  1984. 

10.  Neri,  David  F, ,  S.M.  Luria,  and  David  A.  Kobus.  The 

detection  of  various  color  combinations  under  different 
chromatic  ambient  illuminations,  Avlat.  Stace  Environ. 
Med.  1986,  57:  555-560. 


11.  Kinney,  J.A.S.,  D.F.  Neri,  D.T.  Mercudo,  and  A.P.  Pyan, 
Visual  fatigue  in  sonar  control  rooms  lighted  by  red, 


white  or  blue  illumination.  NSMRL  Rep.  No.  1000, 
Groton,  CT:  Naval  Submarine  Medical  Research 
Laboratory,  May  1983* 

12.  Kobus,  David  A.,  and  S.M.  Luria,  Acceptability  of  low 

level  white  lighting  in  tha  sonar  room  at  sea. 

NSMRL  Rep.  No.  1055,  Groton,  CT:  Naval  Submarine 
Medical  Research  Laboratory,  July  1985. 

13.  Luria,  S.M.,  and  D.A.  Kobus,  Acceptability  of  low  level 

white  lighting  in  the  control  room  at  sea.  NSMRL 
Rep.  No.  1050,  Groton,  CT:  Naval  Submarine  Medical 
Research  Laboratory,  May  1985. 

14.  Miller,  Matthew  R. ,  and  S.M.  Luria,  Low  level  white 

lighting:  Further  evaluation  at  sea.  NSMRL  Memo 
Rep.  86-3,  Groton,  CT:  Naval  Submarine  Medical 
Research  Laboratory,  June  1986. 

15.  Kobus,  David  A.,  and  S.M.  Luria,  Operational  evaluation 

of  low  level  white  lighting.  NHRC  Rep,  (in  press). 

16.  Baker,  0. ,  W.  Hunter,  V.  Benson,  S.M.  Luria  and  David  A. 

Kobus,  Low  level  white  lighting  at  sea.  (in 
preparation) . 

17.  Luria,  S.M.,  James  F.  Socks,  and  David  A.  Kobus,  Low 

level  white  lighting  in  control  rooms  at  sea,  NSMRL 
Rep.  (in  press). 

18.  Kinney,  J.A.S.,  Brightness  of  colored  self-luminous 

displays.  Color  Res,  Appl.  1983,  8:  82-89. 

19.  Kinney,  J.A.S.,  The  quantity  of  light  produced  by  red 

and  blue  filters  over  light  fixtures  in  submarine  sonar 
shacks.  NSMRL  Rep.  No.  955,  Groton,  CT:  Naval 
Submarine  Medical  Research  Laboratory,  January  1983. 


security  classification  of  this  face  rmi«i  osi«  Enw.o 


READ  INSTRUCTIONS 
BEFORE  COMPLETING  FORM 


2.  GOVT  ACCESSION  NOJ  1-  RECIFIENT’S  CATALOG  HUMBER 


REPORT  DOCUMENTATION  PAGE 


4.  TITLE  f«AF  Mllllt) 


"Specifications  for  filters  for  low  level  white 
lighting  on  submarines" 


.  AUTHORS  s 

S.  M.  Luria  and  Di>  A.  Kobus 


S.  RERFORMINO  organization  name  ano  address 

Naval  Submarine  Medical  Research  Laboratory 
Bos  900  Naval  Submarine  Base  New  London 
Groton,  CT  06349  -  5900 


n.  controlling  office  name  ano  address 
Naval  Medical  Rsch  and  Development  Command 
Naval  Medical  Command,  National  Capital  Region 

n-< - *  -  X  i. _ 1  _ _ 1  MAtiS  4  NAi  A  *  '  ~  0“ 


Y  NANI  A  AOORU1 (It  HUtmt  tfm  CmtmUIng  Ottle •) 


•THliUTlOM  ST  ATIMCNT  (•(  tht»  RfH) 

Approved  for  public  release;  distribution  unlimited. 


17.  DISTRIBUTION  STATKMKNT  (•(  th*  mkittmt  ml— 4  In  */«e*  70.  II  4ii(—nl  hmt 


If.  KKY  WOROS  (Cmtlnun  m  fevers*  elrfe  If  necessary  m4  identity  ky  Wees  niaif) 

low-level  white  lighting;  filter  density;  lighting  on  submarines 


10.  ABSTRACT  (Canllitum  an  raw m  ,14*  II  naeaaaafr  an.  IHnlltr  Sr  •(•«*  mi*  Aar)  -  ,  ,  ,  .  '  . 

It  has  been  proposed  that  the 

current  practice  of  illuminating  submarine  compartments  with  red  light  at  night  be 
discontinued  and  that  low  level  wliite  light  be  substituted  for  the  red  and  blue  lighting. 
The  background  of  the  problem  is  presented  briefly,  and  recommendations  for  the 
densities  of  the  neutral  filters  are  made. 


00  I  j  ANM71  1473  EDITION  of  I  NOV  «S  IS  OBSOLETE 

J/N  0  10  2*014*  460  1 


_ Unclassified _ 

SECURITY  CLASSIFICATION  OF  THIS  RAOE  fBtian  Cara  tnltrad) 


«  tw  mka.ua 


